Coastal fisheries and sea cage aquaculture coexist along the coastal zone, and it has been suggested that wild fish feed on excess feed around farms. If this occurs, the condition of wild fish can increase and their lipid profile can become modified. However, the influence of fishfarming on coastal fisheries has not been described in detail. Four targeted species of different trophic gilds, Sardinella aurita, Caranx rhonchus, Mullus barbatus, and Pomatomus saltatrix were studied and the lipid profiles of individuals captured by coastal fisheries and around fish farms were compared. Results show that fish captured at farms showed increased levels of total lipids and/or the terrestrial fatty acids contained in feed pellets. Individuals with increased terrestrial fatty acid proportions were detected in the catch of small-scale artisanal fisheries but not among trawled fish. Consequently, this study demonstrates the influence of fishfarming on coastal fisheries through the exportation of excess feed in the shape of wild fish biomass.
Introduction
Global catch returns from marine fisheries have shown symptoms of stagnation from the middle of the 1990s, whereas fishing effort has increased. The latter can indicate a decline in fish stocks (Pauly and Froese, 2012) . In coastal areas, there is an increasing need for the sustainable exploitation of target species (Tzanatos et al., 2012) and the potential decline in global landings can contrast with the high abundances of fish that have been observed around fish farms (Dempster et al., 2002 (Dempster et al., , 2005 Boyra et al., 2004; Valle et al., 2007; Fernandez-Jover et al., 2008; Halide et al., 2009; ArechavalaLopez et al., 2010; Šegvić Bubić et al., 2011; Bacher et al., 2013; Ozgul and Angel, 2013) . The presence of farm mooring systems, netpens, and floating rings can act as a Fish Aggregation Device (FAD, Dempster et al., 2002) and the presence of excess feed is a key factor driving such a FAD effect . Wild fish have been reported to remove between 40 (Felsing et al., 2005) and 80% (Vita et al., 2004) of excess feed and it has been demonstrated that continuous feeding on lost pellets leads both to an increase in total lipids (TL) and/or a shift in the composition of the fatty acids (FA) in the body tissues of fish. Wild fish can aggregate around farms for months, although this depends on the species (Uglem et al., 2009; Arechavala-Lopez et al., 2010 , 2014 and eventually they mirror the FA composition of the pellets fed on the farms (Skog et al., 2003; Fernandez-Jover et al., 2007 Arechavala-Lopez et al., 2011) . In this regard, wild fish can increase their condition within a no-take area (lease-hold area) and local fishers can capture them once they leave the farms . Thus, the excess feed is exported via wild fish off the boundaries of the lease-hold areas and the interactions between fish and sea cages have implications both for fish and fisheries (SanchezJerez et al., 2011) . This exportation process has been compared with the spill-over occurring at small marine protected areas (MPAs; Dempster et al., 2006 Dempster et al., , 2011 and may apply to a number of targeted fish species, which can be caught near fish farms (Akyol and Ertosluk, 2010) .
Since studies are either scarce or monospecific (for a review, see , the influence that excess feed has on wild fish assemblages and coastal fisheries is still unknown. This study reports the effect of excess feed on four different species with different trophic strategies using analyses of TL and FA as trophic markers. The pelagic ichthyofauna were represented by Sardinella aurita (round sardinella; zooplanktivorous) and Caranx rhonchus (false scad; mesopredator), whereas the benthic environment was represented by Mullus barbatus (red mullet; zoobenthic predator). Pomatomus saltatrix (bluefish) represented the piscivorous trophic gild. This study specifically investigated (i) if the TL and FA composition of four targeted species of different trophic gilds were influenced by the excess feed around farms and (ii) if the influence of fishfarming is noticeable on fisheries at two different spatial scales, artisanal boats and trawlers.
Material and methods

Study area
This study was carried out in the bay of Santa Pola (Alicante; 38811 ′ 29.98 ′′ N, 0833 ′ 29.54 ′′ O), located in the SE of Spain. There are two aquaculture coastal farms with an annual total production 4000 Tm in this area. The majority of the farms produce gilthead sea bream (Sparus aurata L.) reared in open-sea cages at 3 nautical miles from the coast in waters up to 30 m deep over a muddy substrate. Moreover, different fishing fleets including small-scale artisanal boats (trammel-netters, gillnetters, and bottom longliners), trawlers, and purse-seiners carry out their activities in the area. The area thus represents one of the most important landing areas along the Mediterranean Spanish coast.
Feed and fish sampling
Red mullet individuals were sampled from April to September 2011, and round sardinella, bluefish, and false scad from September to December 2011. The fishfeed used on the farms during each period was analysed and classified as type I (supplied during spring -summer, April -September) and type II (supplied during winter, September-December). Three groups of fish were sampled. Individuals of all species were randomly taken from the catch of artisanal fishers (A), trawlers (T), and attracted to farms (F). For false scad, T fish were sampled from artisanal fishers at some distance from the farms (30 km) due to the low incidence of this species in trawlers landings. At farms, red mullets were captured using trammel-nets while the rest of the species were fished by hook. All individuals were kept on ice until delivery to the laboratory where 6 g of white muscle was taken from the anterodorsal part of each individual. Samples were frozen at 2808C until the analysis of FA was undertaken.
Fatty acid analysis
Lipid extraction was carried out by homogenizing samples in 20 ml of chloroform/methanol (2:1 v/v) in an Ultra Turrax tissue disruptor (IKA ULTRA-TURRAX T 25 digital, IKA-WERKE). The TL were prepared according to the method of Folch et al. (1957) and non-lipid impurities were removed by washing with 0.88% (w/v) KCl. The weight of lipids was determined gravimetrically after evaporation of the solvent and overnight desiccation in vacuo. Fatty acid methyl esters (FAME) were prepared by acidcatalysed transesterification of TL according to the method of Christy et al. (2003) . The TL samples were transmethylated overnight in 2 ml of 1% sulphuric acid in methanol (plus 1 ml of toluene to dissolve neutral lipids) at 508C. The methyl esters were extracted twice in 5 ml hexane-diethyl ether (1:1, v/v) after neutralization with 2 ml of 2% KHCO 3 , dried under nitrogen and redissolved in 0.1 ml of iso-hexane. Methyl esters were purified by TLC using iso-hexane-diethyl ether-acetic acid 90:10:1 v/v/v. FAME were separated and quantified by gas-liquid chromatography using an SP TM 2560 flexible fused silica capillary column (100 m long, internal diameter of 0.25 mm, and film thickness of 0.20 mm; SUPELCO) in a HewlettePackard 5890 gas chromatograph. The oven temperature of the gas chromatograph was programmed for 5 min at an initial temperature of 1408C, and increased at a rate of 38C min 21 to 2308C, further increased at a rate of 28C min 21 to 2408C, and then held at that temperature for 12 min. The injector and flame ionization detector were set at 2608C. Helium was used as carrier gas at a pressure of 300 kPa, and peaks were identified by comparing their retention times with appropriate FAME standards purchased from the Sigma Chemical Company (St Louis, MO, USA). Individual FA concentrations were expressed as percentages of the total fat content.
Experimental design and statistical analysis
In our study, the origin of the captured fish was considered as a fixed factor with three treatments (F: Farm-associated fish; A: fish captured by artisanal fishers, and T: fish caught by trawlers). The minimum total sample size for each species was 29 individuals and the minimum number of replicates per treatment was 8 (Table 1) .
All multivariate analyses were carried out using the Primer-6 and PERMANOVA + packages (PRIMER-E Ltd, Plymouth, UK; Anderson et al., 2008) . Non-metric multidimensional scaling (nMDS) was performed to visualize which samples shared more similarities in their FA profile by being placed closer in a twodimensional arrangement. A SIMPER (similarity percentage) procedure was run to explore the dissimilarity percentages and then find which variables accounted for the main differences among treatments. A permutation-based analysis (PERMANOVA) was then performed to locate significant differences in the TL proportions and the overall FA profile, as well as on the main FA responsible for differences among treatments (previously detected by the SIMPER test). Data were arcsin transformed before performing the SIMPER test and Euclidean distance was used to create the dissimilarity matrix. A "leave-one-out" discriminant function analysis (DFA) was employed to investigate the ability of the main FA (those previously detected by SIMPER routine) and the TL to classify the influenced individuals by excess feed.
Results
Total lipids
There were significant differences among the mean values of TL of round sardinella, false scad, and red mullet but not in bluefish (Table 2 , Figure 1 ). For all the species but bluefish, F fish showed larger proportion of TL than A and T fish. The lowest TL proportions were detected in T fish for both round sardinella and red mullet but not for false scad, which showed the lowest values in A fish. The proportion of TL contained in fish feed (Table 3) ranged between 18 (type I) and 14% (type II).
Fatty acid composition Fish feed
The main FA of both types of fish feed were similar to those found in F fish but at different level (Supplementary tables). When considering terrestrial FA, i.e. oleic acid (OA; 18:1v-9) and linoleic acid (LA; 18:2v-6), F fish showed closer values to both types of fishfeed than A and T fish (Supplementary tables). Regarding the main FA of type I fishfeed, the proportions of OA and PA (Palmitic acid: 16:00) were the most abundant followed by Eicosapentaenoic acid (EPA; 20:5v-3), DHA (docosahexaenoic acid; 22:6v-3), and LA in this order. On the other hand, type II fishfeed exhibited the same main FA but not in the same proportions. The highest proportions corresponded to PA and LA followed by EPA and OA; DHA was the less abundant FA (Table 3) .
Target species
The nMDS plots revealed a significant separation according to the whole FA profile of fish from F and the rest of treatments for all species but bluefish. However, most F individuals of bluefish were placed closer to the pellets FA signature (Figure 2 ). Based on the whole FA profile, the one-way PERMANOVA analysis showed significant differences among groups of round sardinella (Pseudo-F ¼ 27.1, p ¼ 0.0001), red mullet (Pseudo-F ¼ 16.58, p ¼ 0.0001), and false scad (Pseudo-F ¼ 8.69, p ¼ 0.001) but not for bluefish (Table 2) . SIMPER analysis showed that the dissimilarities between groups of all the studied species were driven mainly by three FA, DHA, LA, and OA, in this order (Table 4 ). The latter FA were the majoritarian components of the formulated pellets used at fishfarms (Table 3) . Generally, DHA was responsible for the larger percentages of dissimilarity between different treatments of all the species (Table 4) . Dissimilarity values were higher between F and T fish of round sardinella and red mullet but not for either false scad or bluefish.
With regard to the mean values of OA, LA, DHA, total v-3 PUFA (polyunsaturated fatty acids) and v-3/v-6 PUFA, differences were found among groups of all the species but bluefish, which only showed significant differences for LA and v3/v-6 ( Figure 3 , Table 2 ). Differences were found among OA and LA values for all the species between F and T (Table 2) . In general, all the studied species showed higher mean values of OA and LA in individuals captured near the farms, while the lowest were found in T fish. Only false scad showed the lowest proportions of OA and LA in A fish instead in T fish ( Figure 3 , Table 2 ).
The largest proportions of both DHA and total v-3 PUFA in round sardinella, red mullet, and bluefish were detected in T, while the lowest were found in F (Figure 3, Table 2 ). For red mullet, differences in both DHA and total v-3 PUFA proportions were found between all treatments. Only F fish of round sardinella showed difference compared with the other groups, while for the species, false scad only differences between F and A fish were found ( Table 2 ). The mean values of v-3/v-6 ratio of F fish were different regarding A and T fish of round sardinella and red mullet. Only A fish of false scad showed differences compared with the rest of the fish. With regard to bluefish, only A was similar to F and T fish (Table 2; Figure 3 ). The DFA assigned a 100 and 70% of round sardinella and red mullet to the F group, whereas 25% of bluefish and false scad individuals were assigned to the F group. Intermediate proportions of A fish were assigned to the F group, while only individuals of the T group of the species false scad were assigned to F fish (Table 5 ).
Discussion
Feeding on excess feed around farms leads to a change in the TL and/ or FA profiles of different fish species. This indicates that different trophic gilds (zooplanktivorous, mesopredator, zoobenthic predator, and piscivorous) assimilate the excess feed that can be found around farms. Predators, which do not feed on pellets, were also influenced, indicating that fish prey species act as vectors of transference of excess feed through higher levels of the foodweb. Feed-influenced fish were also detected in the catch of coastal artisanal fisheries, demonstrating that the excess feed biomass is exported out to the boundaries of the fish farm in the shape of wild fish, even on a scale of 10s of km.
Continuous feeding on pellets resulted in a larger proportion of TL in the muscle tissue of fish around farms and this has been observed in cultured and wild individuals of the same species (Nettleton, 2000; Grigorakis, 2007 and references therein) and other wild fish species (Fernandez-Jover et al., 2007) . Pellets were found in the stomach of all individuals of round sardinella and false scad captured around farms (unpublished data). However, piscivorous fish species from high trophic levels did not seem to change their feeding behaviour around the farm and fed on wild prey species when assembled around farms Arechavala-Lopez et al., 2013) . This is supported by the data showing the absence of pellets in the stomachs of bluefish and red mullets captured at the farms. Potential wild prey items, such as zooplankton (Costalago et al., 2011; Wang and Jeffs, 2013; Wang et al., 2014) , crustaceans (Tsape et al., 2010) , cephalopods (Evjemo and Olsen, 1997; Sinanoglou and Meimaroglou, 1998; Zlatanos et al., 2006; Ozogul et al., 2008) , and other fish (Soriguer et al., 1997; Zlatanos and Laskaridis, 2007) show low levels of TL (1-3% and rarely higher than 10%) compared with pellets (up to 18% in this study; 24% Fernandez-Jover et al., 2007). Thus, feeding on natural prey items seems to be the reason neither bluefish nor red mullets showed differences in the overall FA profile and TL levels. These factors suggest pellet consumption is the main factor responsible for increased levels of TL and/or dramatic changes in the overall FA profile of wild fish around farms. The latter has also occurred in other wild fish species (Fernandez-Jover et al., 2007) . Interestingly, Valverde et al. (2012) described a remarkable increase in TL levels in bogues (Boops boops) caught as bycatch at fishfarms compared with wild individuals. On the other hand, the small proportions of TL detected in red mullets captured by trawlers were most likely related to changes in trophic resources due to habitat structure or bathymetry (Lloret et al., 2002) .
Regarding individual FAs, OA (18:1n-9) and LA (18:2n-6) were efficient tracers for detecting the influence of excess feed on Exportation of excess feed from Mediterranean fish farms to local fisheries Table 2 . PERMANOVA and pairwise results of the mean values of the whole fatty acid metil esters profile (FAMEs profile), TL, OA, LA, DHA, total n-3 PUFA and n-3/n-6 ratio of the analysed species (significant p-values are in bold) Sardinella aurita (round sardinella)
Caranx rhonchus (false scad) pellet-eating fish (as reviewed by . Referring to TL, the signal of terrestrial FA on fish seems to depend on whether the excess feed is consumed directly or indirectly via natural prey items. The scarcity of LA in the marine environment, together with the natural high levels of OA found in red mullet and bluefish, renders LA a more specific marker of the influence of excess feed in wild fish compared with other FAs. Other authors have suggested that LA can be used to discern differences between wild and farmed individuals (Busetto et al., 2008; Megdal et al., 2009) or to detect escaped farmed fish among their wild counterparts (Olsen and Skilbrei, 2010) . In our case, LA was the only FA, which detected differences among groups of all the species at both Exportation of excess feed from Mediterranean fish farms to local fisheries pelagic and benthic levels. Other FAs such as OA, present in large proportions in pellets, may also be potential trophic markers, but we did not find statistical differences in these FAs. This could be due to low statistical power. We therefore suggest the use of LA to detect the influence of excess feed not only on wild fish feeding on pellets but also on those species that exclusively feed on wild prey items.
Although feed-affected fish show lower proportions of v3-PUFA, the absolute amount of v3 FA is higher due to a higher content of TL and this has also been observed in both cultured fish and their wild counterparts (Nettleton, 2000) . However, changes in the proportions of lipid classes as v3-PUFA and v3/v6 ratios may negatively affect the fish (Tocher, 2010 and references therein) and there is also controversy about the effects of the alteration of v3/v6 ratios on both fish and consumers (Russo, 2009; Kiron, 2012) . Therefore, further research should be conducted to prevent potential negative effects on wild fish, given that indirect effects may have consequences for both local fisheries and the functionality of their derived food products.
Given the high farm affinity and abundances of bluefish around farms (Arechavala-Lopez et al., 2014) , this species is the main predator of round sardinella around the cages . Dolphin fish (Coryphaena hyppurus; Massutí et al., 1998) and larger predators such as swordfish (Xiphias gladius, Arechavala-Lopez (SIMPER) showing the values of the three FA contributing the most to the dissimilarity between groups together with the cumulative % (Cum.%) and the average dissimilarity within groups (Av.dis.).
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Mullus barbatus (red mullet)
Pomatomus saltatrix (bluefish) Page 6 of 9 et al., 2014) or red fin tuna (Thunnus thynnus, pers. obs) also feed on round sardinella when around farms. In addition, round sardinella dominate the wild fish assemblages at farms (Valle et al., 2007; Fernandez-Jover et al., 2008) and it has demonstrated high LA and TL proportions. Therefore, round sardinella is not only one of the main species responsible for the removal of excess feed around farms but also a main vector of transference of excess feed biomass to higher trophic levels via predation. In addition, we suggest red mullet as a good indicator of the influence of excess feed on benthic fish. Dempster et al. (2006) described fish farms lease hold areas as no-fishing MPA zones, which would provide greater resilience for fish stocks. Further studies by Machias et al. (2005 Machias et al. ( , 2006 describing increased captures of commercial species near fishfarms support this finding. The differences in TL and/or terrestrial FA observed in this study provide evidence that excess feed exportation off the farms affects wild fish at both pelagic and benthic levels. Exportation of excess feed was detected at least at 30 km off the farms in fish captured by artisanal fisheries. In this regard, further research on the dietary history of wild fish (Olsen and Skilbrei, 2010) focusing on the analysis of triacylglycerol-derived FAMEs (Olsen et al., 2013) would be necessary to improve our understanding of the temporal extent of the trophic influence of excess feed on wild fish. More studies quantifying and determining the spatial extent of this biomass exportation are necessary to fully describe the span of its influence on local fisheries.
In summary, fish species of different trophic gilds use excess feed either as a direct trophic resource or indirectly via predation on aggregated preys. LA (18:2v-6) can be used as a reliable tool to detect the influence of excess feed on wild fish captured by fisheries and we suggest using it to detect the influence of fish farms on local fisheries. Artisanal fishers can capture farm-influenced fish on a scale of 10s of km from the farm, but the extent of the influence seems not to affect trawlers, which carry out their activities in deeper waters (.50 m). Other types of aquaculture such as open sea aquaculture could influence trawler catches and this should be investigated. The results of this study provide valuable information on the interactions between fishfarming and fisheries through wild fish. Knowledge-based management policies could then be developed to cultivate an ecosystem-based approach to aquaculture and fisheries management (Soto et al., 2008) , for the sustainable integration of the aquaculture industry within the coastal zones.
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